Abstract: Body size, community structure, abundance and biomass of ciliates were compared in various stands of macrophytes in a macrophyte-abundant shallow lake in Eastern Poland. Samples were collected in belts of Phragmites, Typha, Ceratophyllum, Elodea, Stratiotes and Chara. Additionally, protozooplankton was collected from the open water zone surrounding the vegetation belts. Differences in numbers of ciliate taxa between micro-sites were statistically significant. The highest numbers were found in Chara and Ceratophyllum stands, lower numbers in Stratiotes and Elodea stands and the lowest in the open water, Phragmites and Typha areas. Ciliate biomass was, like density, significantly higher in submerged macrophytes than in emergent macrophytes and open water zones. Based on differences in macrophyte structure, two groups of habitats with similar patterns of size-related ciliate distribution were distinguished. The first group consisted of two vegetated zones of sparse stem structure (Phragmites and Typha) and the open water zone, the second group comprised submerged macrophyte species, which were more dense and complex. Generally, the abundance of ciliates correlated positively with total suspension solid (TSS) and total organic carbon (TOC) concentrations. In the Chara and Ceratophyllum stands, relations between ciliate numbers, TSS and TOC were stronger.
Introduction
According to the theory of alternative stable states of lakes, the communities of primary producers in lakes over wide range of concentrations of nutrients can be predominated by submerged macrophytes or by phytoplankton (Peckham et al. 2006) . Scheffer et al. (1993) proposed the existence of intermediate states of lakes, macrophyte-phytoplankton or phytoplanktonmacrophyte dominated, depending on the superiority of a given community. Littoral habitats serve as important sinks for nutrients that enter the lake and are major regulators of nutrient dynamics in lake ecosystems through habitat coupling (Wetzel 2001; Schindler & Scheuerell 2002) . The littoral zone in shallow lakes comprises a mosaic of vertical and horizontal microhabitats, provided by emergent and submerged macrophytes and open patches. Due to structural and spatial heterogeneity, it maintains a very diverse niche space which may allow the coexistence of different life forms (Scheffer 1999; Kairesalo et al. 2000) . The littoral zone, owing to its great heterogeneity and complex conglomeration of macrophytes, provides animals with favourable conditions to hide (Phillips et al. 1996) . Its effectiveness depends on the density and morphology of macrovegetation. One of the fascinating roles of macrophytes is their potential refuge for large zooplankton species which, in turn, control the phytoplankton and may also affect the structure and function of the microbial community (Schriver et al. 1995; Jürgens & Jeppesen 1997) . The partitioning of zooplankton communities within vegetation in macrophyte-dominated lakes is well known for some invertebrate species and fish (Downing & Cyr 1986; Kairesalo et al. 2000; Polis et al. 2000; Kornijów et al. 2002; Kuczyńska-Kippen 2005) . Protozoa represent the main component of zooplankton and play significant role in freshwater lake ecosystems. Among these microorganisms, ciliates are the most striking members and have long been of ecological interest in shallow lakes (Kisand & Zingel 2000; Jeppesen et al. 2000; Jürgens et al. 2000; Declerk et al. 2005) . However, little has been known about the microbial communities in various types of macrophytes. Only one publication dealt with the abundance of ciliates living among macrophytes (Jürgens & Jeppesen 1997) . Another paper presented the species composition and ciliate numbers in a macrophyte-dominated lake in China (Biyu 2000) . The present paper compares the body size, community structure, abundance and biomass of ciliates between various types of macrophytes in a macrophyteabundant shallow lake in Eastern Poland. In belts of macrophytes, protozooplankton was sampled using a plexiglass core (length 1.5 m, ø 50 mm); forty subsamples, about 0.5 L each, were pooled into a calibrated vessel to form a composite sample (10 L) (Schriver et al. 1995) , which was concentrated using a 10 µm plankton net and fixed with Lugol's solution. Three subsamples of 50 ml were settled for at least 24 h in plankton chambers. Ciliates were counted and identified with an inverted microscope at 400-1000 × magnification. The entire content of each Untermöhl chamber was surveyed. Taxonomic identifications were based mostly on Foissner & Berger (1996) . Ciliates were divided into six body size groups (I-VI): <20 µm, 20-30 µm, 30-40 µm, 40-60 µm, 60-80 µm and >80 µm, respectively. Ciliate biomass was estimated by multiplying the numerical abundance by the mean cell volume in different size classes, calculated from direct volume measurements using appropriate geometric formulas and assuming a conservative conversion factor of 110 fg Cµm 3 (Turley et al. 1986 ).
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Faunistic similarities between various macrophyte stands were calculated by means of the Jaccard method:
where Sxy = faunistic similarity between x and y data sets, c = number of taxa common for x and y sets, a = number of taxa in x set, b = number of taxa in y set.
The following chemical factors were examined: pH, conductivity, TOC, TSS, ammonium -nitrogen, nitrate -nitrogen and total phosphorus concentrations. Conductivity and pH were determined in situ using the Jenway 3405 or Hydrolab electrode, TOC and TSS were determined using the PASTEL UV and remaining factors were analysed in the laboratory (Hermanowicz et al. 1976) .
All data collected were analysed statistically by means of GLM and CORR procedures of the SAS Programme (SAS Institute INC 2001). Species abundance was analysed by main effects ANOVA. One-way ANOVAs with post-hoc Bonferroni tests were run for the number of species, total abundance and biomass data to assess the protozoan variability at the micro-sites.
Results
Thirty seven species were found in Lake Rotcze. Differences in numbers of ciliate taxa between microsites were statistically significant (F = 32.3, P = 0.0013, ANOVA). The highest number (23 species) was found in the Chara and Ceratophyllum stands, 16-18 species were found in Stratiotes and Elodea stands, 10-14 species in the open water, Phragmites and Typha areas. The Jaccard index of similarity ranged from 100% for Phragmites and Typha zones to 64% for Chara and Ceratophyllum stands and 23-24% for the other microsites (Fig. 1) . Within size groups I-III mostly small Scuticociliatida and Oligotrichida occurred. For groups IV to VI, larger, typically planktonic or periphytic ciliates were found ( Table 2) .
Numbers of planktonic ciliates significantly differed between the studied stands, with the lowest numbers in the Typha and open water zones (12-15 ind. ml −1 ) and the highest in the Chara and Ceratophyllum stands (39-42 ind. ml −1 ) (F = 21.07-30.12, P = 0.0112-0.0201, ANOVA). Densities of ciliates were similar in both the Chara and Ceratophyllum zone and ciliate numbers were comparable in the open water and Typha areas. Significant difference in ciliate biomass was detected between micro-sites (F = 23.2, P = 0.0015, ANOVA with Bonferroni test). Ciliate biomass was, like density, significantly higher in submerged macrophytes (1.18-1.33 mgC ml −1 ) than in emergent macrophytes and open water zones (0.34-0.36 mgC ml −1 ). (Figs 2A,  B) . Generally, the abundance of ciliates correlated positively with the total suspension solid (TSS) and total organic carbon (TOC) (from r = 0.41 to r = 0.37, P ≤ 0.05). However, the number of significant correlations between the numbers of ciliates and environmental variables was different in the studied zones. In the Planktonic ciliates in macrophyte-dominated lake Key: C -Cyrtophorida; G -Gymnostomatida; H -Haptorida; Ht -Heterotrichida; Hy -Hymenostomatida; O -Oligotrichida; PPeritrichida; Pl -Pleurostomatida; Pr -Prostomatida; Sc -Scuticociliatida; S -Suctorida.
Chara and Ceratophyllum stands, relations between ciliate numbers, TSS and TOC were stronger. The content of total phosphorus positively correlated with the total numbers of ciliates only in Phragmites and Chara stands (r = 0.33-0.34, P ≤ 0.05) ( Table 3) .
In Lake Rotcze, bacterivorous Scuticociliatida (Cinetochilum margaritaceum, Cyclidium sp.), mixotrophic Oligotrichida (Strombidium viride, Halteria gradinella and Strombilidium sp.) constituted 29-33% of the total ciliate abundance. Pleurostomatida (Litono- (Fig. 3) . Ciliates inhabiting open water and the Phragmites and Typha stands were mainly smaller than 40 µm, while species in submerged macrophytes were within the size range of 40-80 µm (Fig. 4) .
Discussion
Ciliated protozoa have been little studied in various types of macrophytes in macrophyte-dominated lakes. The species diversity of ciliates in Lake Rotcze in E Poland was generally much higher than reported in literature (Jürgens & Jeppesen 1997 ). However, their abundance was generally much lower than in a macrophyte-dominated lake in China (Biyu 2000) . On the other hand, the ciliate communities in Lake Rotcze were similar to a lake in C Denmark and in some shallow New Zealand lakes (Jürgens & Jeppesen 1997; Jeppesen et al. 2000) . Quality and quantity of available food, habitats, physical and chemical parameters and predation are among factors regulating planktonic protozoan communities, whereby food resources are probably most important (Pierce & Turner 1992; Biyu 2000) . Macrophytes may influence protozoan density probably by modifying food availability and increasing the spatial heterogeneity. Macrophytes may limit light intensity and effectively compete for mineral nutrient and consequently limit protozoans (Biyu 2000) . In Lake Rotcze densities of ciliates of various size groups differed between the investigated stands. With regard to body size distribution, stands of submerged macrophytes (Chara and Ceratophyllum) having longer stems and higher biomass were mostly characterised by higher species diversity, abundance and biomass than zones of sparsely grow- ing plants (Phragmites and Typha). Changes in macrophyte morphology and architectural design depend on the fineness and density of leaves and the heterogeneity of plant surface (Duggan 2001; Kuczyńska-Kippen 2005) . Increasing complexity of macrophytes creates an increased diversity of microhabitats and provide numerous micro-niches. Some authors (e.g., Walsh 1995; Jeppesen et al. 2000; Kuczyńska-Kippen 2005) considered these microhabitats to provide a variety of potential shelters for zooplankton from predators. Differences in macrophyte architecture led to two distinct groups of habitats having similar patterns of size-related cil- iate distribution. The first group consists of two vegetated zones of sparse stem structure (Phragmites and Typha) and the open water zone, the second group comprises submerged macrophyte species (Chara and Ceratophyllum), which were more dense and complex. Most authors (Laybourn-Parry 1994; Jack & Gilbert 1994; Carrias et al. 1998) affirm that predation by copepods and cladocerans probably plays a major role in controlling the abundance of planktonic ciliates in temperate lakes. Kornijów et al. (2002) demonstrated that in Lake Rotcze crustaceans were likely to find effective refuges against visually preying planktivorous fish thanks to well developed macrophytic communities, especially among charophytes. However, the high proportion of ciliates in macrophyte stands (Chara and Ceratophyllum) could have been caused by high concentration of TOC and TSS. Such type of environment could enhance a massive development of bacteria and small-sized scuticociliates which are known to be effective filter-feeding bacteriovorous organisms. These results are in good agreement with the statement of Jürgens et al. (2000) and Munawar & Lynn (2002) who demonstrated that in a shallow hypertrophic Danish lake and in North American Great Lakes, respectively, the ciliate community was dominated by species < 30-50 µm in size. In submerged macrophyte zones, Haptorida and Pleurostomatida that prefer eutrophic micro-sites are important genera among the larger ciliates. However, Jürgens & Jeppesen (1997) showed that larger predatory species from the Haptorida order were present in higher numbers in patches free of vegetation. The high taxonomical diversity of Peritrichida is probably due to the numerous appearance of pseudoplanktonic species in periphytic assemblages that must become disattached from the macrophyte substratum through the process of water waving. In Phragmites and Typha stands the existence of large, usually omnivorous forms could be limited by waving; small forms, most often bacteriovorous ones, were frequent and numerous. Similar phenomenon was observed in periphytic cili-ate communities in lakes with different trophic status (Mieczan 2005; Mieczan & Radwan 2005) and in river ecosystems where increasing water flow eliminated large forms of ciliates from the communities (Primc-Habdija et al. 1998) . Clearly greater abundances of protozooplankton were noted in the centre of the belts of macrophytes. That's why probably the central zone functions as a refuge. In the open water zone, the community was dominated by mixotrophic oligotrichids feeding mainly on nanoplanktonic algae. Oligotrichida are often reported as a relatively common component of lacustrine protozooplankton (Laybourn-Parry et al. 1990 ). Especially in summer, different species like Strombidium viridae and Strombilidium sp. containing endosymbionts were present. Beaver & Crisman (1989) indicated that mixotrophic taxa are numerically prevalent during periods of nutrient depletion in the seasonal cycle of mesotrophic and eutrophic lakes.
